ABSTRACT. Karan island is a coral reef island composed mainly of calcite and aragonite. The island is covered with medium to coarse-grained skeletal and non-skeletal carbonate sands of marine origin and very rare wind blown clay particles. These sediments are characterized by unimodal distribution and well sorted to poorly sorted.
Introduction
The Karan island is an offshore coral reef island in the Arabian Gulf about 60 km northeast of the city of Jubail (Fig. 1) . The island is about 2100 meters long and a maximum width of 640 meters. It is surrounded by an extensive coral reef (Figs. 2&3), and is built on top of the coral reef, where it has a perimeter of about 5.3 km measured at mean high tide, and extended to the northern side of the island (Fig. 2) .
The island is covered by medium to very coarse grained sand and consists of reef debris, gastropods, bivalves, and foraminiferal shell fragments. They generally form the major components in the bioclastic sediments, with the association of red and green algae and peloids.
The purpose of this study is to investigate the sedimentological characteristics, mineralogical and geochemical composition of the island sediments. In addition, the relationship between the grain size distribution and the shore transport processes of the island sediments has been emphasized.
Previous Investigations
In recent years, various studies have been carried out on both coastal and island areas of the Arabian Gulf. The Iranian basin is subdivided into two secondary depressionwestern basin and the central basin. The other side of the Arabian Gulf is called the Ara- This gentle slope allows a high degree of wave agitation along the Arabian coastlines. Though, contrast with the more classical carbonate shelves sedimentologically and morphologically. Evamy (1973) investigated the precipitation of aragonite and its alteration to calcite on the Trucial Coast of the Arabian Gulf. Purser and Seibold (1973) concluded that the tidal currents are oriented approximately parallel to the axis of the Gulf. Corals are widely spread in the Arabian Gulf as stated by Hughes and Keij (1973). Mc Cave (1978) pointed out that the coarsing trend from the source due to transport along the beach with winnowing out of finer fraction by tidal currents to be progressive. Fryberger et al. (1983) drew a map for the types of sediments in the Arabian Gulf. Sirag (1984) outlined the climatological features of Saudi Arabia. Khalaf et al. (1984) studied the sedimentological characteristics of the surficial sediments of the Kuwaiti marine environments northern the Arabian Gulf. The calcium carbonate (aragonite and calcite) is largely algal and/or bacterial, and even the strontianite is largely organic in origin (Javor, 1985) . Hunter (1986) concluded the physical oceanography of the Arabian Gulf. Milliman (1989) discussed the sea level changes at the past, present, and future depending on fluctuations in the sea, and on the geological stability of the land. Sheppard and Sheppard (1991) studied the coral and coral communities of the Karan island. Basyoni and Al-Mansi (1993) emphasized the grain size significances of the recent reef Eqah island, Red Sea, Saudi Arabia. Al-Mansi et al. (1996) studied the seasonal profile changes in exposed beaches in western Arabian Gulf. Basaham and El-Sayed (1998) concluded that the bottom sediments of the Arabian Gulf are composed by biogenic carbonate accumulation and terrigenous material influx.
Geomorphology
Karan island is the largest offshore island near the eastern coast of Al-Jubail. It appeared to the surface during the uplifting of the western side of the Arabian Gulf and sea level changes. The wave erosion on the reef has produced a distinct type of carbonate sand sediments, and resulted from a reworking of the loose sediments by the western north waves similar to the situation in the Eqah island in the Red Sea (Basyoni and Al-Mansi, 1993 ).
The tidal flat ridges has been raised 0.5 to 1.5 meters above the high sea level (the tidal range is generally less than two meters). The Karan island is protected from the strong waves by reef.
The Karan island is mainly flat and covered by phylum Chrosophyta along the northern and eastern parts of the island. Plants such as Suaeda sp. and Salsola sp. also grow in the middle of the island in the form of low shrubs (Fig. 3 ).
Result and Discussion

Grain Size Distribution
Forty six samples were collected mainly from the unconsolidated sediments overlying the consolidated reef limestone in the main island and the adjacent areas (Fig. 4) .
The sediments are mostly composed of calcium carbonate; comprising skeletal and nonskeletal grains. The samples were air dried in the laboratory and the grain size of the sediments was determined by sieving for about 15 minutes. Several sieve sizes were used in serial numbers from 2 phi to + 4.5 phi and a pan. All grains smaller than 4.5 phi are referred to as fines. FIG. 4 . The wind direction and location of collected samples for Karan island and the surrounding area.
The grain size parameters after Folk and Ward (1957) and Moshrif (1987) and the grain size frequency data of the sediments were represented graphically as histograms and cumulative curves given in Figs. 5A, 5B and 5C. The distribution and significances of grain size parameters of the sediments studied here are shown in Figs. 6A, 6B, 6C and 6D. The histograms constructed for the Karan island sediments (Fig. 5 ) generally shows unimodal distribution with a dominant modal class falling in the medium sand fraction and in the coarse-grained fraction for the sand bar area. While the sediments in the surrounding shallow area display asymmetric bimodal distribution generally due to the increasing erosion power of waves.
The constructed cumulative curves show two distinctive subpopulation; traction and saltation. The saltation load constitutes the major part of the sediments and mostly poorly sorted for the surrounding shallow area, while the suspension population is very limited and generally of low frequency.
According to the values of grain size parameters obtained and the verbal scale reported by Folk (1968) and summarized graphically in Figs. 6A, 6B, 6C and 6D, the following observations are recorded. 
Mean size
Mean size data indicates that the sediments of the Karan island, are generally oscillate between medium grained and coarse grained, while those of the adjacent shallow areas are mainly coarse grained. A conspicuous very course grained sand is reflected by the sediments in the sand bar area. The finer grain size materials are generally winnowed by the action of the waves and currents.
Standard deviation
The values of standard deviation exhibit pattern fit into the category of poorly sorted for the adjacent shallow area and the central part of the main Karan island. A general moderately sorting is exhibited by the sediments in the beach zone of the island and in the sand bar area. The improvement in sorting is generally related to the energy fluctuations.
The content of dust particles (finer than 0.39 phi) in the sediments is found to be high along the shoreline of the island and being low in the surrounded areas. About 4% to 6.3% dust was found in the main body of the island.
Skewness and kurtosis distribution
Values of graphic skewness show that the Karan island sediments are near symmetrical and fine skewed. In contrast, the surrounding shallow areas have coarse skewed and platy kurtic sediments, whereas the sand bar area exhibits a wide range of skewness and kurtosis values varies from fine skewed to coarse skewed and from leptokurtic to platykurtic. It is evident that the variability in kurtosis is related to the energy change regimes from the shoreline towards the open sea.
Sediment Transportation
The Karan island beach with its gentle slope has an important influence on the shore transport, with an exposed, windward side, and more sheltered leeward margin. Carbonate sand sediments are formed on the reef flat surface covered with mobile coarse particles near the windward margin (including the sand bar areas) and decrease to the direction of south east, however, these are stabilized by vegetation.
The tidal currents of the island tend to follow the axis of the gulf, with slight variable direction tidal currents. The mobile sand blanket is dumped at the confluence of the opposing sets of waves refracted around the reef front to form sand clays. As a result of these physical processes the reef becomes aligned with its long axis parallel to the prevailing wind.
Minerology and Geochemistry
The mineralogical composition of the studied carbonate sediments has been identified by X-ray diffraction analysis. The bulk mineral components and the relative abundance of each mineral have been calculated on the basis of peak high measurements of 100% reflection peak. The data obtained are summarized in Table ( 1) and some selected ray diffractograms are given in Fig. (7) . In general the total mineral components determined in the studied Karan island sediments and its surroundings include mainly the carbonate minerals, Mg-calcite and aragonite. Detrital minerals quartz and plagioclase feldspars are being recorded as a minor constituents especially in the main island. Mg-calcite recorded here always dominates over aragonite. The detrital minerals were transported by wind as dust and accumulated over the surface of the main island. The recorded calcite in the main island sediments reflects the subaerial exposure of these sediments and diagenetic alteration of metastable Mg-calcite to calcite. The low Mg-calcite in the reef sediments is derived from the coral limestone which surrounded the island by wave erosion.
Concentration of the major oxides (CaO, MgO, Fe 2 O 3 , Na 2 O and K 2 O) and trace elements (Sr, Pb, Cr, Zn, Co, Cu and Ni) have been measured in the collected samples, data are presented in Tables (2 and 3 ). The calculated correlation coefficients between the major oxides, CaCO 3 , Sr and the acid insoluble residue are listed in Table (4). In general, the original chemical composition of marine sediments depend on the mineralogical composition of the parent rocks under normal conditions. On the other hand both CaO and MgO are associated with the carbonate fraction as could be seen from the strong correlation between them (Table 4) . Calcium oxide is the most abundant oxide in all the analyzed reef sediments followed by MgO. CaO is negatively correlated with the MgO, acid soluble carbonate (CaCO 3 ) fraction and the mineralogical composition of the sediments (Table 4) . Na 2 O has negative correlation with CaCO 3 and positive correlation with Fe 2 O 3 and insoluble residue indicating its association in the detrital constituents (Fig. 8) . K 2 O generally occurs in trace amounts together with slight amounts of Fe 2 O 3 (Fig. 9) . For the trace elements, the strontium (Sr) is quite common and shows a bimodal distribution in the Keran island ( Fig. 10) with a content ranging between 375 ppm and 652 ppm and an average of about 486 ppm. The strontium (Sr) is positively correlated with the calcium oxide and negatively correlated with the sodium oxide (Fig. 11) . Estimates of strontium content of modern marine carbonates range from 245 ppm to 600 ppm (Veizer, 1983; Baker and Burns, 1985; Scoffin, 1987) . Bathurst (1981) emphasised that the aragonite and calcite can hold some strontium Sr 2+ . The free energy of mixing of the strontium Sr 2+ in the aragonite is greater than in the calcite, thus favoring the aragonite. Graham et al. (1981) documented possible Sr/Ca variations in marine water of 15% to 25% during the Cenozoic. The major factor in global geochemistry is the rate of continental weathering processes, which also control atmospheric CO 2 levels, as well as the flux of Sr, Ca, C and other dissolved species of the oceans (Raymo et al., 1988) . Strontium has a residence time in the oceans of 4.5 million years and it takes approximately 1000 years to mix the oceans; consequently, Sr concentration in the oceans is uniform (8 ppm) (Tucker and Wright, 1992) . 
Conclusion
The texture analysis shows one sediment class of a medium grain to coarse grain, moderately to well sorted with occasional very coarse in vegitated areas.
The cumulative curves shows rare suspended particles. While sand population dominant in all samples, long shore currents caused the lateral accretion of carbonate sand spits.
The different results of the Karan island and the Eqah island is due to the tidal currents activity. Although, they are of a similar composition.
Calcite percentage is higher than aragonite as clear in the geochemical analysis, especially on the sand bar area. Whereas, aragonite formed a higher percentage at the main island.
Calcium oxides formed a higher percentage than the iron, potassium, magnesium and sodium oxides, while strontium is common with higher percentage than other trace elements such as lead, chromite, zinc, cobalt, copper and nickel.
The correlation matrix of the calcite oxide show strong relation between the appearance of MgO and CaO oxides. Subsequently, the occurrence of the strontium is a consequence of the existence of the calcite and sodium oxides.
The environment of deposition is apparently of coral reef marine environment.
